or ischemia due to embolism. Thunderclap headache, hyper acute headache reaching its pain maximum within 1 minute, is the cardinal feature of SAH, but not very specific -about half of the patients with SAH experience this, but only 1 in 10 with thunderclap headache has actually bled. 5 Thunderclap headache should always be investigated, and includes several differential diagnoses. Table 1 shows the most important causes. With a low suspicion of SAH, a good clinical judgment and a well-argued reason should underlie the decision of no further investigation of the patient. Complaints of neck stiffness are associated with a higher probability of SAH, with an estimated positive likelihood ratio of around 4, compared to patients not complaining of neck stiffness. Finding nuchal rigidity increases the probability, with an estimated positive likelihood ratio of 6.5, compared to those who have no nuchal rigidity. 6 Different clinical tools to rule out SAH have been developed. The "Ottawa SAH Rule for Headache Evaluation" has shown to be highly sensitive for identifying SAH, but is not useful for excluding other causes of sudden-onset severe headache. 7 Specific inclusion and exclusion criteria limit its use. Furthermore, its high sensitivity assumes that the rule is correctly applied. It is important to emphasize that the rule is constructed to help decide not to perform further investigations to rule out SAH, that it may be applied only in a limited portion of patients, and that it does not help to exclude other causes. With this and the main secondary headaches in mind (Table 1) , the overall benefit of its use is questionable.
Query by Dr. Sjulstad:
When is it sufficient solely to do a conventional non-contrast CT of the head to rule out a SAH?
Response by Dr. Alstadhaug: This is an often discussed issue in the literature. The sensitivity of detecting a SAH with conventional CT caput is dependent on when the examination is performed relative to when the bleeding occurred. Performed within 6 hours of ictus, and with a third generation CT-scanner, the negative predictive value is 99.9%-100%, 8 and LP is in principle unnecessary in this group of patients. The sensitivity of CT decreases gradually, and after 5-7 days it is approximately 50%. Carpenter and colleagues wrote a comprehensive systematic review and meta-analysis where they, among others, estimated the utility of supplementary investigation. In general, they found that pre-CT likelihood of SAH must be above 20% if patients were likely to benefit from a LP. 6 In other words, a normal noncontrast cranial CT within 6 hours of thunderclapheadache onset makes supplemental investigation with LP or CTA redundant, provided that the pretest probability for SAH is not too high. A validation study of Blok and colleagues supported this. 9 In a retrospective study of data from 21 emergency departments over a 10-year period, Mark et al found 11 cases of SAH that had negative CT scan of the brain taken within 6 hours of ictus. 10 In my opinion, there is a reason to be skeptical of claims that tests have diagnostic accuracy of nearly 100%. Technically, a modern CT-scanner would be good enough to detect a minor bleeding, and third generation CT-machines have been used in the North America since the 80s, and are available in most European hospitals. However, misinterpretation of CT (or LP) is probably the most important cause of missed diagnosis, and occurred in 15% in the series of Kowalski and colleagues. 11 By using proper sequences and by proper interpretation, a cerebral magnetic resonance imaging (MRI) would be as good as CT to detect SAH, and better in the subacute phase (14-16 days after bleeding occurred). 12 The lack of access, increased time consumption, and the fact that MRIs are more resource intensive, implicates that CT will still be used as a first-line investigation in near future. Some will argue that MRI with contrast (± arterial and venous angiography) should replace lumbar puncture as second-line investigation because SAH, as several other serious conditions, then will be captured.
A number of conditions affect the choices that the clinician makes in meeting the acute headache patient. Assessing the pre-test probability of SAH has proved difficult, but an accurate medical history is nevertheless the premise for further investigation. In a qualitative research study based on interviews of doctors in the emergency room with different experiences, Chu and colleagues identified several categories with factors that influenced the investigation. 13 These included patient interaction, the patient`s risk profile, knowledge of practice evidence, practice experience, local practice, and external factors such as prompt expedition requirements.
Head-CT of the patient revealed a mass in the sella turcica ( Fig. 1) , but no signs of a SAH. Lumbar puncture was performed 12 hours late in accordance to international consensus. The opening pressure was normal, and standard analysis of the spinal fluid showed nothing amiss. Visually, there was no xanthochromia, but the first glass tapped was light pink. Spectrophotometry revealed a high level of oxyhemoglobin (net absorbance 0.24), and the quantification of bilirubin was then difficult. SAH could thus still not be completely excluded.
Query by Dr. Sjulstad: Perhaps CTA can replace LP when patient presents with a headache suggestive of SAH and the CT head reveals no bleeding?
Response by Dr. Alstadhaug: Carpenter and colleagues suggested going directly to angiography if pre-CT probability of SAH was more than 10%. This is not insensible, since most immediate life-threatening conditions are due to vascular injury/ disease, and the use of non-invasive radiology has the advantage that some diagnoses can be revealed early, eg, carotid or vertebral dissection as the cause of acute unilateral headache (Table 1 ). In the vast majority, however, other symptoms and signs will accompany the headache. One exception is reversible cerebral vasoconstriction syndrome (RCVS), where about 75% has headache only. Up to 20% has a small cortical SAH that may be detected on CT or LP, and in many patients, there is no vasoconstriction in CT angiography until 1-2 weeks. Furthermore, the prognosis is usually good, and there is no established standard treatment for this condition.
Using conventional angiography as a gold standard, CTA has a sensitivity of 95%-100% to detect aneurysms ≥5 mm. McCormack and Hutson showed, in a mathematical model, that CT + CTA would actually work equivalent with CT and LP in the investigation of acute headache. 14 Post-test probability of detecting an aneurysm bleeding was estimated at 99.4% (95% CI = 98.9% to 99.8%). The assumptions for the model were that 15% of the acute headache patients actually had SAH, that the sensitivity of CT to detect this was 91%, that 2.5% of all scanned patients would have incidental aneurysm, and that CTA would detect 99% of aneurysms >3 mm in size. These numbers can be discussed, but they are not unreasonable if this model was used strictly on patient with thunderclap 
Post contrast T1-weighted MRI (picture in the middle) shows a solid hyperintense tumor with rim enhancement and with a low signal fluid-level. Findings are compatible with a hemorrhagic apoplexy in a macroadenoma. T1-weighted MRI on the right shows regression of the tumor and no signs of bleeding three months after the event. Notice the mucosal thickening in the sphenoid sinus mucosa (picture in the middle), which probably relates to venous congestion, that later resolved (right picture). [Color figure can be viewed at wileyonlinelibrary.com]
headache, which would be unlikely in clinical practice where "acute headache" is more broadly defined. The investigation method is probably not cost-effective. 15 If, in reality, only 1/100 evaluated for acute headache actually has SAH, and over 90% of these will be detected with a conventional CT, one must order a minimum of 991 CTA to detect one additional aneurysm bleeding. Of these, around 20 (2%) will have a randomly detected aneurysm. Without intervention, there is no way to know if the aneurysm is what caused the headache. Furthermore, CTA can also be negative due to vessel spasm, a thrombosed aneurysm, or a structural change due to rupture. Bleeding from spinal arteriovenous malformations or aneurysms may also be overlooked. Another concern is the estimate that radiation will cause cancer in 2-3 patients per 10,000 conventional CT-scan of the brain. 16 The turn to looking for vascular cause before having confirmed a vascular disaster may be convenient for the clinician, apparantly good for the patient, but a great challenge for the unexperienced radiologist. In between making a choice of a needle in the back and a marginal increase in cancer risk, it is reasonable to assume that most patients will choose the latter. 17 Experience also tells us that ordering an extra convenient investigation may easily breed another one. Nor should one forget that the use of contrast is potentially associated with allergy, nephro and neurotoxicity.
The patient was experiencing severe pain, nausea, and vomiting, and had bradycardia with pulse down to 25. Blood tests at admission were normal.
Query by Dr. Sjulstad: What is the net benefit of doing lumbar puncture? Response by Dr. Alstadhaug: As discussed, routine use of LP has become controversial. The time from ictus to this procedure and the pre-test probability for SAH are crucial for evaluation of utility. Analogous to the calculation in the above paragraph, the numbers needed to be lumbar punctured (number needed to LP, NN LP ) to reveal a bleeding when early taken CT is negative are high. Sayer and colleagues reported NN LP of 250 to reveal an additional aneurysm bleeding. 18 Again, if the pretest probability of bleeding is considered high, and there has been a long time since the ictus (with low sensitivity of CT as a result), then within a two-week time window, LP will essentially be able to confirm or exclude a bleeding. The numbers must also be seen in the light of the complications of the procedure, but also of other potential benefits of examining the cerebrospinal fluid. Brunell and colleagues found that a LP could reveal an alternative diagnosis in 3% of the patients, eg, meningitis. 19 Post-dural-puncture headache occurs in many, and patients with pre-morbid headaches are particularly at risk. 20 Rare serious complications include cerebral venous sinus thrombosis, CNS infections, and brain herniation. Traumatic lumbar tap, that is blood in the spinal fluid caused by the spinal needle, occurs in approximately 15%, and makes interpretation difficult. 21 A new spectrophotometry of the spinal fluid was performed, and then it was clearly negative. However, light exposure may break down bilirubin and mask a minimal bleeding. A new LP will also be able to give false positive results, since one has already had a slight insertion bleeding. Based on that fact that an early CT was negative in terms of bleeding, and findings were compatible with a pituitary tumor, pituitary apoplexy was suspected. In 60%-90% of patients who get such a diagnosis, there is an underlying macroadenoma.
Query by Dr. Sjulstad: Is spectrophotometry necessary to exclude xan tho chromia?
Response by Dr. Alstadhaug: In Norway, spectrophotometry analysis is part of the routine investigation, and used in accordance to guidelines from the UK. 22 In the United States, visual inspection is mainly used. The former increases sensitivity (100%, 95% CI 59%-100%), but at the expense of specificity (95%, 95% CI 93%-96%). 23 The reason for the great variance is that different methods and cut-off values are used. According to the English guidelines, SAH is diagnosed when net bilirubin absorbance is ≥0.007 and net oxyhemoglobin absorbance is ≥0.1. False positive samples may occur in hyperbilirubinemia and in traumatic LP. The analysis is simple and cheap. The major problem is that around 5 out of 100 tests will be false positive. How many analysis needed to be done to reveal one bleeding when CT of the brain and visual inspection of the spinal fluid are negative is largely unknown. In a study by Gangloff and colleagues, the NN spectrophotometry to detect an additional SAH was 706. 23 Query by Dr. Sjulstad: When CT and LP are both negative, is the job done? Response by Dr. Alstadhaug: There is no doubt that the majority of adult patients who arrive at an emergency room due to acute headache have a primary headache, most often migraine. The numbers vary widely, due to diagnostic uncertainty. At a university hospital in the United States, 73% of patients with primary headache was diagnosed with non-specific headache (ICD-9 784.0). These patients received more opiates and had longer hospital stays than those with specific headache diagnosis. 24 How this situation in European hospitals is unknown, but there is no reason to believe that the number diagnosed with the corresponding ICD-10 diagnosis (R51) is low. Increased knowledge and awareness of differential diagnoses, with well-founded supplementary investigations, are the means to increase diagnostic specificity.
Query by Dr. Sjulstad: Should we change routine practice? Response by Dr. Alstadhaug: Given the relatively low rates, but potentially very serious consequences of overlooked secondary cause of acute headaches, especially SAH, it is absolutely necessary to investigate many patients. At what price can be discussed. Textbooks, consensus attempts, and guidelines are fairly vague in terms of setting a threshold for when further investigation is unnecessary. The dogma "if you have been thinking SAH, you have to exclude SAH" still applies to a large extent. Knowledge and alertness are important pre-requisites. Which investigation algorithm to apply should be based on the starting point -a careful and correct medical history must thus be ensured. Risk profiles, symptoms, and clinical findings will also be indicative of which additional investigation that should be done. In a patient with isolated SAH-suspect headache, a negative clinical examination will not be helpful. CT of the brain, without contrast, is currently the standard 1st supplementary investigation. If this is negative, and taken within 6 hours of the ictus, the patient will have less than 1% chance of having bled. However, a LP should be done if bleeding cannot be excluded with high certainty. Replacing LP with CTA as a routine would be unfortunate as one is looking for a cause of disaster before a disaster is confirmed.
Unnecessary radiation of the patients, increased use of resources, persistent uncertainty as to whether the patient has bled or not, and the risk of finding cold aneurysms make LP the preferable 2nd supplementary investigation. However, if a vascular diagnosis other than SAH seems most probable (eg, vertebral artery dissection in unilateral headache), CTA rather than LP can be a more prudent. A negative MRI will neither rule out bleeding, nor will it be clarifying in terms of, for example infection, spontaneous low pressure headache and RCVS. MRI is not available to many, and hardly cost-effective in terms of the volume of patients to be examined. The expenses absorb the profit if you still have to do a LP. However, MRI should definitely be used when specific differential diagnoses are suspected.
MRI revealed a pituitary macroadenoma with a small hemorrhage (Fig. 1) , and the patient was diagnosed with pituitary apoplexy. He received cortisone as soon as the diagnosis was established, and was transferred to the department of endocrinology where he received further substitution treatment and was successfully managed conservatively. He developed syndrome of inappropriate antidiuretic hormone secretion (SIADH) and failure of several pituitary axes.
CONCLUSION
Currently, in a patient with sudden-onset severe headache and a negative head-CT (even taken within 6 hours of ictus), we recommend a LP if SAH is still suspected. If CSF is unequivocally xanthochromic, no spectrophotometry is necessary. If the CSF is clear, colorless and acellular, or there is suspicion of a traumatic tap, the use of spectrophotometry is considered useful and reassuring. We do not recommend routinely replacing LP with CTA or MRI, but under certain circumstances LP could be avoided. Results from studies, real-world observational data, and cost-effectiveness analysis could form the basis for a possible change in this traditional investigation algorithm.
